1.Introduction
backward procedure is also necessary because one does not know in advance the fate of 125 the particles (Delhez, 2005) . In order to calculate the mean RT, two steps were required.
126
In the first step, the hydrodynamic model was used to generate the velocity and 127 turbulence fields, and the intermediate results were saved every half-hour. We ran a 
136
In this study, we set the boundary of the domain of interest at the mouthof the Bay 137 and computed the RT at any location xand time tinside the Bay.
particles released at locationx and time t will be transported to the mouth of the Bay for a 139 period ofT. In other words, RTis determined by the hydrodynamics after the release.
140
Notes that the domain of interest in this study included the tributaries (Fig. 1b) , 2012, 2013 ).Details of model calibration can be found in Hong and Shen (2012) .
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167
We ran the model from 1979 to 2014, and saved the half-hourly hydrodynamic results,
168
which were then used to calculate the RT with theadjoint methoddescribed above. Considering the entire Chesapeake Bay as a box, the ratio of total water volume Vtothe 190 mean residence time R T can be regarded as the total effective outflow of the system, out Q .
191
For a steady state condition, the total effective outflow should equal the total influx of
192
"clean" water, which has two sources, river freshwater discharge R and influx of "clean"
193
water from the outside of the Bay in Q . Here the clean water from the outside of the Bay
194
refers to the water that was not transported out of the Bay during the previous ebb tide.
Based on the simulation of the past 3 decades, the mean out Q is about 4800 m , 1980 , , 1987 , , 1988 , , 1991 , , 1998 , , 1999 , , 2000 , and 2001 ). The (Fig. 7) . However, the impact of (Fig. 8) . Without 336 smoothing, the largest R 2 value was 0.84 when the flow was shifted by 108 days (Fig. 8) .
337
It should be noted that a shift of 83 days meant that the RT of a given time was averagedby 360 days and shifted by 83 days (Fig. 9a) . s1, s2, s3), whose locationsareshown in Fig. 1b .
410
The other important process that may havea significant impact on the RT is the The regression between the residual and influx showed that the residual was highly 430 negatively correlated with the influx, with p<0.001 (Fig. 12) . Even though the R 2 is not 431 high, troughs of the residual RT often coincide with peaks of influx. A larger influx will
